OBJECTIVE: Obstructive sleep apnea (OSA), attention deficit/hyperactivity disorder (ADHD), type 2 diabetes mellitus and psychopathological problems co-occur at increased rates among both obese and enuretic children. We hypothesized that the prevalence of enuresis will be increased in obese children and adolescents. DESIGN: A cross-sectional study. SUBJECTS: 281 children and adolescents aged 7-18 years, who completed a questionnaire regarding enuresis, medical conditions and sociodemographic parameters; 158 were normal weight, 37 overweight (85thpBMI (body mass index)o95th percentiles) and 86 obese (BMIX95th percentile). MAIN OUTCOME MEASURE(S): Occurrence of enuresis among obese children and adolescents. RESULTS: Enuresis was reported in 14 (8.8%) normal weight, 6 (16%) overweight and 26 (30%) obese youth. Odds ratio (OR) ¼ 6.5, 95% confidence interval (CI) ¼ 2.67-15.78 for enuresis among obese compared with normal weight (Po0.0001). Each increment of one BMI-Z score unit was associated with an increased risk of enuresis, OR of 2.14, 95% CI (1.46-3.12), P ¼ 0.00008. Male gender (OR 2.84, 95% CI (1.10-5.58), P ¼ 0.028), first-degree relative with current/past enuresis (OR 4.24, 95% CI (1.62-11.08), P ¼ 0.003), voiding dysfunction symptoms (OR 3.067, 95% CI (1.05-9.00), P ¼ 0.041) and ADHD (OR 2.31, 95% CI (0.99-5.34), P ¼ 0.051) increased the risk of enuresis. OSA-related symptoms, academic achievements in school, sharing a bedroom, family size relative to number of rooms in home, parental education, family status and religious observance were not found to increase the risk for enuresis. CONCLUSIONS: Obese children are at increased risk for enuresis. Enuresis should be clarified during the primary workup of every obese child and adolescent.
INTRODUCTION
The prevalence of enuresis, defined as intermittent nocturnal bedwetting in children 5 years old and older, decreases with age and appears to be independent of cultural or racial differences. 1, 2 At age 5 years 7% of males and 3% of females suffer from enuresis. At age 10, 3% of males and 2% of females are enuretic, whereas at age 18 about 1% of males and o1% of females suffer from enuresis. 3 Conditions that have been found to associate with increased prevalence of enuresis include: familial history of enuresis, male gender, attention deficit/hyperactivity disorder (ADHD), low socioeconomic status, low educational level of parents, poor school performance, separated parents, increased number of siblings, sharing a bedroom and sleeping disorders. [3] [4] [5] [6] [7] According to the World Health Organization, obesity is a worldwide epidemic. Its prevalence has increased among children. [8] [9] [10] A recent estimate from 2007 to 2008 indicates that as many as 20% of children and adolescents in the United States suffer from obesity. 11 The increased prevalence of childhood obesity is accompanied by increased prevalence of secondary obesity-related chronic diseases such as hypertension, dyslipidemia, insulin resistance, type 2 diabetes mellitus and fatty liver disease-diseases previously documented only among adults. 8, 9, 12 Several medical conditions co-occur at increased rates among both obese and enuretic children. Obstructive sleep apnea (OSA) is 4-6 times more prevalent in obese children than in normal-weight children; children suffering from OSA frequently suffer from enuresis. 9, [13] [14] [15] [16] Type 2 diabetes mellitus is more prevalent in obese youth than in normal-weight youth; 9, 15 enuresis constitutes one of the typical signs of type 2 diabetes mellitus. 17, 18 Increased prevalence of ADHD is observed among enuretic children, as well as increased prevalence of enuresis among children suffering from ADHD. 5, [19] [20] [21] [22] [23] [24] In addition, several authors have observed an association between obesity and voiding dysfunction. 25, 26 Finally, children and adolescents with enuresis suffer more frequently from psychopathological problems including low self-esteem, behavioral disturbances, anxiety and depression. 5, 6, 15, 22 Similar psychopathological problems have been described with increased frequency in obese children. 19, [27] [28] [29] [30] [31] The above evidence led us to investigate a possible association between obesity and enuresis in children and adolescents.
MATERIALS AND METHODS

Subjects and settings
The study population comprised of children and adolescents 7-18 years old, recruited from hospital-based pediatric obesity clinics (the Edmond and Lily Safra Children's Hospital, Sheba Medical Center and the Dana Children's Hospital, Sourasky Medical Center) and from general pediatric 1 clinics from 2008 to 2010. Normal-weight children were recruited during routine checkups and well child assessments. We excluded from the study population children suffering from: diagnosed urological disorders, known hormonal and genetic disorders causing obesity, and chronic disorders including developmental delay, genetic syndromes, diabetes mellitus, cardiovascular disorders or current use of medications that may affect continence. Participants who were recognized as enuretic for the first time during the study were referred to their pediatrician for further investigation.
All children were weighed and their height measured; body mass index (BMI) and BMI-Z score (BMI-Z) were calculated using the Epi Info. 32 A general questionnaire assessed gender, age, details regarding enuresis, sociodemographic data and additional diagnoses. The questionnaire was completed by one of the parents following an explanation of the study and the signing of an informed consent form. The study was approved by the appropriate Helsinki committees in the relevant institutions.
Diagnostic criteria
Percentiles of weight, height and corresponding BMI levels of the participants were determined according to the revised CDC (Center of Disease Control and Prevention) growth charts. Participants were classified into weight categories as follows: normal weight (BMI below the 85th percentile for age and gender, BMI-Zo1.036), overweight (BMI between 85th and 95th percentile, 1.036pBMI-Zo1.645) and obesity (BMI above the 95th percentile, BMI-Z X1.645). 33 These curves were found to characterize children and youth in Israel. 34 Enuresis was defined as intermittent nocturnal bedwetting in children 5 years old and older. 1 Primary enuresis was defined as bedwetting in children who were never weaned and secondary enuresis as a recurrence of bedwetting following a 'dry' period of at least 6 months. Bladder and voiding problems associated with enuresis (daytime symptoms such as urgency, bladder holding or scattato urination) were not evaluated in our questionnaire as parents are often unaware of such daytime symptoms.
Questionnaires
The following variables were collected. Enuresis-Parents were asked to record whether their children suffer from current or past enuresis, to record the age at which enuresis stopped, the duration of enuresis and the frequency of bedwetting (number of events per week). In addition, they were asked whether their children were ever weaned (whether bedwetting recurred following a 'dry' period of over 6 months), and whether an unusual event occurred at the time of resumption of bedwetting. Information was assessed regarding past treatment for enuresis and types of treatments used: bell and pad (behavioral treatment), medical treatment or other. Family history of enuresis-past/current enuresis in parents and/or siblings. Voiding dysfunction-related symptoms-a positive symptom was defined as one of the following: recurrent urinary tract infections, constipation or encopresis. The data related to voiding dysfunction symptoms were compiled to a binary variable. ADHD-parents were asked specifically regarding diagnosis of ADHD and treatment modalities, such as stimulant medications, antipsychotic medications and others. OSA-related symptoms-a positive symptom was defined as one of the following, appearing during a night sleep: snoring, apnea, restlessness, arousals and light sleep, and daytime fatigue. The data related to OSA symptoms were compiled to a binary variable. Academic achievement in school-school achievement was classified into three categories: very good, good and poor. The 'very good' category was defined as the reference group. Housing density-the number of residents divided by the number of rooms in the child's home. Parental education-defined separately for both parents. Years of schooling were classified into three categories: o12, 12-16 and 416 years. The reference group was 12-16 years of schooling. Marital status-assessed by a binary variable-two-parent family and other (divorced, single-parent, widowed or other). Religious beliefs-The parents were asked to classify themselves as secular, traditional or orthodox. In total, 344 questionnaires were collected. Of these, 281 completed questionnaires were statistically processed.
Statistical analysis
Assuming an enuresis prevalence of 20% among obese children and 7.5% among children who are not overweight (approximately the percentage reported in literature for young age), power analysis showed that a sample size of 300 children would have 80% power on using a two-group w 2 -test with a 0.05 two-sided significance level.
Demographic characteristics were compared across weight groups by the Kruskal-Wallis test (for numerical variables) and the w 2 -test (for categorical variables). Potential risk factors for enuresis were assessed via logistic regression models, adjusting for proven risk factors in the literature (that is, gender, family history of enuresis and voiding dysfunction symptoms). Adjustment for weight was also performed due to oversampling of the overweight and obese weight categories.
The following variables were included as risk factors in the final model: weight, gender, family history of enuresis and voiding dysfunction symptoms. Two options were considered in modeling the effect of weight: (i) as a categorical variable with three levels (normal, overweight and obese) and (ii) as a continuous variable, in terms of the Z-score for BMI. The results of the logistic regression analysis are presented as odds ratios (OR) with the appropriate 95% confidence intervals (CIs). All statistical analyses were performed using the R software, version 2.12.
35 All P-values refer to two-tailed tests of significance; Po0.05 was considered significant.
RESULTS
The study population comprised 281 subjects. Of them, 158 were normal weight (75 males and 83 females), 37 overweight (20 males and 17 females) and 86 obese (41 males and 45 females). The clinical characteristics of the study population are presented in Table 1 .
Association between enuresis and body weight The numbers and percentages of children and adolescents suffering from enuresis were 14 (8.8%), 6 (16%) and 26 (30%) in the normal, overweight and obese groups, respectively. Only two subjects reported secondary enuresis.
We estimated the effect of body weight on enuresis by employing BMI-Z as a continuous variable. This model was Abbreviations: ADHD, attention deficit/hyperactivity disorder; BMI, body mass index; OSA, obstructive sleep apnea. For each variable, summaries were computed from all subjects who provided answers. The total number of subjects reported for individual variables may be less than the group total owing to missing data. Data regarding variables that were not statistically significant were omitted owing to irrelevance.
Enuresis and childhood obesity Y Weintraub et al adjusted for gender, family history and voiding dysfunction. Weight was associated positively with enuresis. With every increment of one BMI-Z unit, the risk for enuresis increased by a factor of two (OR 2.14, 95% CI (1.46-3.12), P ¼ 0.00008). We also estimated the association between obesity and enuresis, employing weight categories, with the normal-weight group defined as the reference group. This model was adjusted for the risk factors mentioned above. No statistically significant difference was found between the normal-weight group and the overweight group (95% CI (0.27-4.27), P ¼ 0.93). However, a statistically significant difference was found between the normalweight and obese groups. Obese children were found to be at a significantly higher risk to suffer from enuresis (OR 6.49, 95% CI (2.67-15.78), P ¼ 0.0001).
Association between enuresis and gender On analyzing according to BMI-Z as well as weight by categories, males were found to be at higher risk than females for incurring enuresis ((OR 2.48, 95% CI (1.10-5.58), P ¼ 0.028) and (OR 2.55, 95% CI (1.12-5.82), P ¼ 0.026), respectively).
Association between enuresis and positive familial history of enuresis Positive familial history was shown to increase the risk for incurring enuresis (OR 4.24, 95% CI (1.62-11.08), P ¼ 0.003). Further analysis adjusted for weight by categories demonstrated similar results (OR 4.57, 95% CI (1.74-12.04), P ¼ 0.002).
Association between enuresis and voiding dysfunction-related symptoms Voiding dysfunction-related symptoms constituted a significant risk factor for incurring enuresis (OR 3.067, 95% CI (1.05-9.00), P ¼ 0.041). Adjusting for weight by categories demonstrated similar results (OR 3.04, 95% CI (1.03-9.01), P ¼ 0.045).
Association between enuresis and ADHD Our data suggest that children and teenagers suffering from ADHD are at increased risk of developing enuresis (OR 2.31, 95% CI (0.99-5.34), P ¼ 0.051). Examination of the effect of medical treatment for ADHD on the risk of enuresis did not reveal a statistically significant association between the treated and the untreated groups (P ¼ 0.81).
Further analysis adjusted for weight by categories demonstrated similar results, with no statistically significant association between ADHD and enuresis (95% CI (0.87-4.81), P ¼ 0.098).
Association between enuresis and OSA-related symptoms OSA symptoms were not associated with enuresis (95% CI (0.904-6.146), P ¼ 0.079).
Analysis adjusted for weight by categories found no significant statistical association between OSA-related symptoms and enuresis (95% CI (0.98-6.66), P ¼ 0.056).
We further examined the additive effect of risk factors on enuresis. This extrapolation is based on the assumption that these variables act as independent risk factors and presents results from logistic regression analysis. Table 2 compares weight by categories, with normal weight and female gender as the reference group. It is apparent that the OR for enuresis increases with the successive addition of risk factors (presented by each row in Table 2 ).
Our data did not reveal a statistically significant association between enuresis and the following variables: academic achievement in school, sharing a bedroom, family size relative to number of rooms in home, maternal education, paternal education, family status and religious observance.
DISCUSSION
We found obese children to be six times more prone to suffer from enuresis than normal-weight children. Each additional increment of BMI-Z was found to associate with a twofold increase in the risk for enuresis. In addition, our data support other studies that found male gender, positive family history and voiding dysfunction to constitute statistically significant risk factors for enuresis. 3, 5, 22, 25 Assessing the additive risk of several factors, we found an obese male to be 16 times more likely to suffer from enuresis than a normal-weight female. Similarly, the OR for enuresis in an obese teenager with a parent suffering from enuresis was about 30 times higher than that of normal-weight children with no family history.
Thirty percent of those in the obese group compared with 8% in the normal-weight group were enuretic. The latter is similar to rates reported in the literature: ranging from 5-10% at elementary school age group to 0.5-2% at older ages, 2, 3, 5, 22 highlighting the widespread prevalence of nocturnal bedwetting in the childhood years.
A number of possibilities have been suggested to explain a common pathogenesis for obesity and enuresis. First, children who are overweight tend to consume an unhealthy diet that may overwhelm functional bladder capacity and result in nocturnal diuresis. 14, 26, 36 Second, hyperglycemia has been suggested as a possible cause for secondary enuresis in obese youth, 17, 18 though in our study the vast majority of the patients reported primary enuresis. Third, as mentioned above, both enuresis and obesity cooccur with psychological distress; 5, 6, 14, 15, 19, 22, [27] [28] [29] [30] [31] enuresis increases psychological distress in children creating a vicious cycle that perpetuates enuresis, obesity and distress.
14 In addition, it has been postulated that indulgent parents of obese children have difficulty in treating their children's obesity as well as in their elimination dysfunction, that is, enuresis. 25 An association between voiding dysfunction and obesity was first observed by Fishman et al., 37 who reported an increased prevalence of obesity among children suffering from constipation and fecal soiling. Other studies have examined an association between various forms of voiding dysfunction and obesity. 25, 26 Erdem et al. 25 found that among children suffering from voiding dysfunction (constipation, loss of daytime sphincter control and nocturnal enuresis) 62-86% were obese. However, they noted that the absence of data on healthy children was a shortcoming of their own study. Importantly, in our assessment of the prevalence of enuresis among healthy children in all weight categories, we found an evident association between obesity and enuresis among children. Abbreviation: OR, odds ratio. All ORs are expressed relative to normalweight females.
Enuresis and childhood obesity Y Weintraub et al
There is strong evidence that defects in neuromuscular control may have a role in the pathogenesis of OSA. 14, 38 Furthermore, investigators have demonstrated that obesity can increase upper airway collapsibility through mechanical effects. 14, 38 It is possible that these mechanisms contribute in the same way to the development of nocturnal enuresis in obese youth. Barone et al.
14 found overweight and enuresis to be associated with OSA, but not to each other. In contrast, we demonstrated an association between obesity and enuresis, and the relationship between OSA and enuresis to be a tendency only. Finally, although not statistically significant, our finding that a child suffering from ADHD is at twice the risk of suffering from enuresis supports other studies. 5, 22, 23 We did not find a statistically significant association between ADHD and enuresis, adjusting for weight categories. We did not find an association between enuresis and a number of risk factors that were shown to associate with enuresis in studies conducted in Turkey and in Ethiopia, specifically academic achievement in school, sharing a room, family size relative to number of rooms at home, parental education, family status and religious observance. It is likely that these differences result from differences in cultural habits and in health service availability. [4] [5] [6] Moreover, our study population did not present sufficient diversity for such factors as years of parental schooling and housing density.
The limitations of the current study are that the data are based on parental recall, without verification in medical records. In addition, we did not evaluate daytime symptoms to classify the enuretic children as having monosymptomatic versus nonmonosymptomatic nocturnal enuresis. Finally, the overweight group was too small to accurately detect statistical differences from the normal-weight and obese groups.
In summary, our results demonstrate that enuresis is yet another facet in the complex of complications associated with obesity. Consequences are in the physiological and psychological realms. Enuresis should be assessed during the primary work-up of each child and adolescent suffering from obesity.
